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Remarkable  advances  have  taken  place  in  three-dimensional  echocardiography  (3DE)  in
congenital  heart  disease  over  the  past  two  decades.  The  technique  has  progressed  from
a  cumbersome  modality  involving,  for  example,  slow  rotation  of  ultrasound  probes  to
reconstitute  a  virtual  image,  to  a  live  technique  that  can  produce  images  in  real  time
to  assess  cardiac  anatomy,  function  and  blood  ﬂow.  Despite  these  major  advances,  there
remains  considerable  scope  for  further  research  and  innovation  to  enhance  the  technique
still  further.  The  areas  for  advancement  include  not  only  technical  issues,  but  also  agree-
ment  on  some  core  standards  of  practice,  analogous  to  those  that  have  already  been
widely  adopted  for  cross-sectional  echocardiography,  and  have  recently  been  published
for  acquired  disease  in  adult  practice  [1].
One  of  the  major  attractions  of  3DE  is  the  ability  to  project  images  of  the  true  liv-
ing  anatomy  from  unique  projections  that  can  be  achieved  during  post  processing.  These
images  illustrate  the  ‘‘full  picture’’  in  contrast  to  the  speciﬁc  sonographic  cuts  of  cross-
sectional  echocardiography,  thereby  facilitating  visualization  of  the  anatomy  of  the  heart,Cardiopathies
congénitales  ;
Fonction  cardiaque
with  the  aim  of  assisting  either  the  surgeon  or  the  interventional  cardiologist.  Challenges
that  remain  include  the  development  of  a  consistent  means  of  image  orientation  for  the
more  common  en  face  views  of  valves  and  septal  structures,  so  that  a ‘‘common  lan-
guage’’  is  adopted  between  the  echocardiologist,  surgeon  and  interventionist.  One  option
Abbreviations: 2D, two-dimensional; 3D, three-dimensional; 3DE, three-dimensional echocardiography; CT, computed tomography; MRI,
magnetic resonance imaging; TOE, transoesophageal echocardiography.
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Figure 1. Intracavity vortex in hypoplastic left heart syndrome.
The intracavity ﬂow is derived from three-dimensional echocar-
diographic colour ﬂow Doppler, which encodes both direction and
velocity of ﬂow. Image courtesy of Dr Alberto Gomez, King’s College
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ould  be  the  adoption  of  an  anatomical  approach  to  image
isplay  [2,3],  which  would  be  consistent  with  imaging
odalities  such  as  computed  tomography  (CT)  and  mag-
etic  resonance  imaging  (MRI),  and  would  be  logical  with
espect  to  the  relative  position  of  cardiac  structures  in  free
pace.  This  question  is  currently  under  consideration  by  the
uropean  Association  of  Echocardiography  and  the  American
ociety  of  Echocardiography,  with  the  aim  of  developing  a
onsensus-based  approach.
The  understanding  of  atrioventricular  valve  function
y  3DE  has  advanced  beyond  qualitative  visualization  of
he  atrioventricular  valve  and  chordal  apparatus,  to  a
uch  fuller  understanding  of  valve  function  by  quantitative
ssessment  of  annular  size  and  shape,  valvar  tethering  and
he  crucial  interplay  of  the  valve  leaﬂets,  and  the  geome-
ry  of  the  chordal  support  apparatus  [4,5].  Advances  in  this
rea  would  be  facilitated  by  the  development  of  commer-
ially  available  software  that  does  not  make  assumptions
bout  valve  anatomy  or  morphology.  Such  software  has  been
xtensively  developed  for  acquired  abnormalities  of  nor-
al  valves,  but  is  lacking  for  the  congenital  population;
s  a  result,  many  reports  have  relied  upon  ‘‘research’’
oftware  that  cannot  be  used  readily  in  more  widespread
linical  practice.  Similarly,  software  to  quantitate  valvar
egurgitation  —  for  example,  by  effective  regurgitant  ori-
ce  area—needs  to  be  adapted  to  the  congenitally  abnormal
eart,  where  the  mechanism  of  regurgitation  and  regur-
itant  area  may  differ  signiﬁcantly  from  acquired  valve
esions.  Such  tools  will  be  essential  to  advance  under-
tanding  of  areas  of  major  clinical  importance,  such  as
echanisms  of  atrioventricular  valve  regurgitation  in  the
ontext  of  single  ventricle  circulation  or  late  failure  of  pre-
iously  repaired  valves.
Assessment  of  ventricular  volumes  and  function  in  the
ongenitally  abnormal  heart  has  been  a  central  goal  of  3DE
ince  inception;  this  is  because  3DE  makes  few  assump-
ions  about  ventricular  geometry  compared  with  M-mode  or
ross-sectional  echocardiographic  techniques.  This  feature
s  particularly  pertinent  for  the  morphologic  right  ventri-
le  and  for  single  ventricle  physiology,  where  the  shape
f  ventricles  may  be  highly  unusual  and  where  the  usual
natomical  landmarks  may  be  absent.  Application  of  the
echnique  has  been  limited  by  the  availability  of  suitable
oftware  and  practical  difﬁculties,  such  as  incorporation
f  the  entire  ventricle  into  a  single  3DE  volume.  Most
tudies  have  compared  the  echocardiographic  technique
ith  cardiac  MRI,  and  although  the  techniques  correlate
easonably  well,  there  is  a  signiﬁcant  trend  for  the  echocar-
iographic  technique  to  produce  lower  ventricular  volumes
han  MRI,  and  for  the  limits  of  agreement  to  be  too
ide  to  use  the  techniques  interchangeably  [6,7].  Novel
olutions  have  been  proposed  to  overcome  such  limita-
ions,  including  ‘‘knowledge-based  reconstruction’’,  where
 tracked  probe  and  multiple  cross-sectional  images  are
sed  to  reconstruct  the  three-dimensional  (3D)  ventricle  by
eference  to  a  library  of  datasets  of  the  same  lesion  [8].
ther  research  strategies  have  included  fusing  multiple  3D
atasets  together  to  cover  the  entire  ventricle,  but  this
emains  a  research  rather  than  a  clinical  technique.  The
hallenge  over  the  coming  years  will  be  to  develop  user-
riendly  systems  that  overcome  these  current  limitations,  so
hat  there  is  increased  conﬁdence  in  3DE  volume  estimation
g
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utﬂow tract.
n  the  congenitally  abnormal  heart;  this  has  the  potential  to
educe  the  requirement  for  other  techniques,  such  as  MRI,
or  ongoing  monitoring.
To  date,  most  emphasis  has  been  placed  on  estimation
f  ventricular  volumes  and  ejection  fraction,  but  in  recent
ears,  a  much  greater  understanding  has  emerged  of  intra-
avity  ﬂow,  in  particular  vortex  formation,  which  impacts
n  ventricular  efﬁciency  and  energy  loss  (Fig.  1).  These
re  extremely  important  considerations  in  the  congenital
eart  disease  population,  particularly  in  the  group  with  sin-
le  ventricle  physiology,  where  energy  conservation  within
he  blood  pool  is  central  to  optimization  of  cardiac  output.
DE  can  be  used  to  evaluate  intracavity  ﬂow  in  a  research
etting,  but  is  not  sufﬁciently  developed  to  be  a  current  clin-
cal  technique,  although  this  remains  a  future  aim  [9].  It  is
ikely  that  advances  in  3DE  assessment  of  cardiac  function
ill  not  be  restricted  to  either  endocardial  border  detec-
ion  or  intracavity  ﬂow.  Two-dimensional  (2D)  strain  (speckle
racking)  represents  a  signiﬁcant  advance,  given  the  ease  of
cquisition  (particularly  important  in  younger  patients)  and
apid  post  processing  of  data.  Myocardial  ﬁbre  orientation
s  well  recognised  as  being  abnormal  in  many  forms  of  con-
enital  heart  disease.  3DE  wall  tracking  is  now  technically
easible  and  avoids  the  potential  problems  of  2D  techniques,
uch  as  through  plane  motion  of  the  myocardium.  Recently,
ge-related  normal  values  for  3D  strain,  myocardial  rotation
nd  torsion  have  been  published  in  children  and  adolescents
10], which  should  assist  with  the  adoption  of  the  technique
n  clinical  practice.  Ongoing  challenges  include  the  differ-
nces  in  strain  values  between  vendors  [11]  and  between  2D
nd  3D  strain  techniques.
In  view  of  excellent  acoustic  access,  children  with  con-
enital  heart  disease  can  readily  be  investigated  by  3DE,
ith  diagnostic  image  quality  in  the  majority  of  patients.
n  keeping  with  all  ultrasound  modalities,  3DE  image  qual-
ty  tends  to  decline  in  older  and  larger  patients,  despite
ease
[
[
[
[
[
accuracy. J Am Soc Echocardiogr 2015;28:392—7.
[15] Samuel BP, Pinto C, Pietila T, Vettukattil JJ. Ultrasound-derivedThree-dimensional  echocardiography  in  congenital  heart  dis
the  availability  of  transthoracic  probes  of  both  high  and
low  frequency.  The  introduction  of  3D  transoesophageal
echocardiography  (TOE)  probes  has  been  welcome,  but,
unfortunately,  probe  size  limits  its  use  in  children  who
weigh  <  25  kg.  This  is  a  signiﬁcant  disadvantage  for  younger
patients  with  CHD,  particularly  with  the  trend  towards
deﬁnitive  surgery  and  increasingly  complex  catheter  inter-
ventions  being  carried  out  in  younger  patients.  In  an
analogous  manner  to  the  miniaturization  of  2D  TOE  probes
[12],  the  development  of  a  smaller  3D  paediatric  TOE  probe
would  be  a  major  improvement  in  the  imaging  of  such
patients,  provided  this  does  not  sacriﬁce  high  spatial  and
temporal  resolution,  which  is  a  prerequisite  of  imaging
younger  patients,  whose  hearts  are  small  and  who  have  a
high  resting  heart  rate.  Intracardiac  echocardiography  is
favoured  by  many  interventionists  to  guide  device  closure  of
atrial  septal  defects  in  particular,  and  the  recent  develop-
ment  of  a  3D  intracardiac  echocardiography  catheter  means
that,  in  selected  patients,  such  an  approach  could  provide
an  alternative  to  TOE  [13].
One  of  the  most  fundamental  issues  for  3DE  is  the  tech-
nology  employed  to  display  images.  In  clinical  practice,
3DE  images  are  still  displayed  on  a  ﬂat  conventional  screen
with  various  tricks,  such  as  colour  coding  of  far  ﬁeld  versus
nearﬁeld  structures  to  enhance  depth  perception.  The  intro-
duction  of  3D  printing  means  that  patient-speciﬁc  models
of  the  heart  can  now  be  produced  to  permit  planning  of
surgery  or  intervention.  Models  derived  from  3DE  have  now
been  reported  [14,15].  Although  this  technique  has  huge
attractions,  limitations  include  the  fact  that  the  model  is
static  and  cannot  be  ‘‘cropped’’  once  produced.  The  model
produced  is  from  one  point  in  the  cardiac  cycle,  and  there-
fore  cannot  represent  the  dynamic  change  of,  for  example,
defect  size  or  valve  motion.  Furthermore,  the  production
of  model,  most  commonly  from  CT  or  MRI,  relies  on  manual
segmentation  of  the  cardiac  borders,  which  remains  prone
to  human  error.  Alternative  approaches  include  the  use  of
holography  to  provide  a  moving,  3D,  immersive  visualiza-
tion  of  the  heart,  which  can  be  cropped  and  reinterrogated
without  the  production  of  a  physical  model.  This  is  likely  to
be  an  evolving  ﬁeld,  which  is  being  investigated  by  several
research  groups  worldwide.
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